ABSTRACT A cohort study has been carried out of 2876 men and women with potential exposure to ethylene oxide. Subjects were identified from employment records at four companies that have produced or used ethylene oxide since the 1950s and at eight hospitals which have had ethylene oxide sterilising units since the 1960s. The cohort represents a substantial proportion of the British workforce with a history ofoccupational exposure to ethylene oxide. Industrial hygiene data were not available before 1977, but since then time weighted average exposures have been less than 5 ppm in almost all jobs and less than 1 ppm in many. Past exposures were probably somewhat higher. In contrast to some previous studies, no clear excess ofleukaemia (three deaths observed, 2-09 expected) and no increase in stomach cancer (five deaths observed, 5 95 expected) were found. This discrepancy with earlier reports may be due in part to differences in levels ofexposure. Total cancer mortality was similar to that expected from national and local death rates. Some specific cancers showed small excesses but their relevance to ethylene oxide exposure is doubtful. Again, contrary to some earlier reports, no excess of cardiovascular disease was found. This study does not exclude the possibility that ethylene oxide is a human carcinogen but suggests that any risk of cancer from currently permitted occupational exposures is small.
Ethylene oxide is a powerful mutagen and a proved cause of cancer in laboratory animals,'2 but its potential to cause cancer in man is still uncertain. 3 Epidemiological studies have linked the compound with the occurrence of leukaemia and stomach cancer' but these associations are based on relatively small numbers of cases, and interpretation is complicated by the possibility of confounding exposure to other chemicals such as benzene.
The main uses of ethylene oxide are as a chemical intermediate in the manufacture ofethylene glycol and non-ionic detergents, as a sterilant gas for the treatment of medical equipment and cosmetics, and as a fumigant of cocoa beans and spices. In view of these wide ranging applications, it is important to establish the extent of any risk to exposed workers. Moreover, study of compounds such as ethylene oxide may enhance understanding of the relation between mugagenicity and human carcinogenicity and thereby allow more accurate prediction of those chemicals likely to prove hazardous to man.
We have therefore carried out a cohort study of mortality among 2876 men and women exposed to ethylene oxide during its manufacture and use in England and Wales.
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COHORT
The study cohort comprised employees from three companies that produced ethylene oxide and derivative compounds such as polyethylene glycols and ethoxylates, from one company that manufactured alkoxides from ethylene oxide that had been bought in, and from eight hospitals with ethylene oxide sterilising units. There were no representatives from the pharmaceutical or food industries because inquiries had indicated that the number of exposed workers at individual companies was too small to warrant inclusion. For similar reasons, employees at hospitals with only small ethylene oxide sterilisers (less than 100 litres) were also excluded. Tables 1 and 2 give further details of the participating companies and hospitals and of the criteria for entry to the cohort. All the chemical companies had handled ethylene oxide from 1960 or earlier, whereas the compound was not used at any of the hospitals before 1962. By the mid-1980s exposure at three of the hospitals had effectively ceased, either because ethylene oxide was no longer used or because the sterilising procedure had been enclosed. Subjects were identified from written personnel records except at companies A and B where computerised personnel data were used. We attempted to include all employees with likely exposure to ethylene oxide at any time before data abstraction but because employment records were incomplete for some early periods it was not always possible to ascertain exposed workers for the entire duration of ethylene oxide manufacture or use. For each subject we obtained basic identification details together with dates of starting and leaving employment and descriptions of all jobs undertaken.
JOBS AND EXPOSURE CLASSIFICATION
With help from management at the companies and hospitals, and before carrying out any analysis of mortality, we classified jobs according to their potential for exposure to ethylene oxide. At the chemical factories we distinguished jobs that entailed definite exposure (workers assigned specifically to ethylene oxide plants), jobs with probable exposure (mainly maintenance engineers who worked on several plants including the ethylene oxide area), and jobs that were poorly described but which possibly involved contact with ethylene oxide. Jobs at the hospitals were classed as entailing continual exposure (people who worked continuously in the sterilising room), intermittent exposure (porters and others who spent only part of their working day in the sterilising room), and possible exposure (poorly described jobs). In the early part of the study period exposure in the hospitals occurred not only during the loading and unloading of sterilisers but also through desorption ofgas from articles stored in the work area after sterilisation. Industrial hygiene data were not available for any of the facilities before 1977, but environmental and personal monitoring carried out since then indicated time weighted average exposures of less than 5 ppm in almost all jobs. Occasional peaks of exposure up to several hundred ppm occurred as a result of operating difficulties in the chemical plants and during loading and unloading of sterilisers in the hospitals. In earlier years average exposures were probably-somewhat higher and peak exposures above the odour threshold of 700 ppm were reported by manufacturers and at the hospitals.
Apart from ethylene oxide, some hospital workers experienced occasional low exposure to formaldehyde and carbon tetrachloride but there was little potential for confounding by occupational activities. By contrast, the chemical workers were exposed to a wide range ofcompounds including chlorhydrin, propylene Workers exposed to ethylene oxide: afollow up study 861 862 Gardner, Coggon, Pannett, Harris oxide, styrene, and benzene. Because there was particular concern about the risk of leukaemia, jobs were also coded for their potential exposure to benzene. The mortality analysis reported here is from the data of entry to the cohort (the data from which employment records were complete or the date when the individual was first potentially exposed to ethylene oxide, whichever came later) to 31 December 1987. The numbers of observed deaths have been compared with those expected on the basis of the cause, sex, and age specific death rates for appropriate five year calendar periods in England and Wales. The expected numbers were calculated by the person-years method, using a computer program (PYCL) adapted from that of Hill.8 Confidence intervals for ratios of observed to expected deaths were calculated by the usual methods based on the Poisson distribution.
Results
Altogether, 2892 subjects satisfied the criteria for entry to the study but 16 had to be excluded from the analysis because one or more of their sex, date ofbirth, or date of first potential exposure to ethylene oxide was unknown. Of the remaining 2876 subjects, 1864 were men and 1012 were women. Table 3 shows the distribution ofthe cohort by place of employment, sex, and level of exposure to ethylene Workers exposed to ethylene oxide: afollow up study oxide. About half the subjects came from companies and half from hospitals. All but one of the chemical workers were men, whereas more than two thirds of the-hospital employees were women. Because somejob titles were non-specific, many of the subjects at company C and hospitals E and K were classed to the "unknown" exposure category. Most of these men and women would have been exposed to ethylene oxide but it was not possible to assign levels of exposure on an individual basis. By 31 December 1987, 226 (8%) members of the cohort had died. Thirty eight (1-3%) subjects could not be traced at NHSCR or DHSS (mainly due to inadequate identification in the basic records that we had used for abstraction, in particular the availability of only initials rather than full forenames) and could only be followed up to their date of last employment. A further 95 (3 3%) had emigrated and were followed up to their date of embarkation. Table 4 shows observed and expected mortality by place of employment for broad diagnostic categories. Deaths from all causes combined were less than expected both in the chemical workers and the hospital employees. The deficit of deaths occurred mainly in the first 10 years after entry to the cohort, a pattern that would be consistent with a healthy worker effect. The lower than expected level of mortality extended to all the major disease categories except cancer, for which there was a small excess of deaths in both the company and hospital employees.
There were three deaths from leukaemia (two acute myeloid and one lymphatic not further specified) compared with 2-09 expected. Table 5 gives further details. All three deaths occurred in chemical workers with definite exposure to ethylene oxide and after a latency of at least 20 years from first exposure. One man had worked in exposedjobs for three months, one for six years, and one for 14 years. They did not all work in the same company and none of their jobs is likely to have entailed contact with benzene. No further cases of leukaemia were registered among living members of the cohort. Table 6 gives details of mortality from stomach cancer. Overall, five subjects died from stomach tumours compared with 5 95 expected. All five deaths were in workers in the "definite" or "continual" exposure categories but there were no clear trends in 864 relation to duration of exposure or time since first exposure. Table 7 shows the distribution of deaths from other specific cancers. Slight excesses of deaths were found for oesophageal cancer (five observed, 2-20 expected), lung cancer (29, 24 55), bladder cancer (four, 2 04), and non-Hodgkin's lymphoma (four, 1-62) but none was statistically significant at the 5% level. There were also some deficits. When adjustment was made for local variations in mortality9 the overall excess of deaths from cancer was reduced from eight to only three. In particular, the expected number of deaths from lung cancer increased to 26-29.
Discussion
Concerns about the human carcinogenicity ofethylene oxide have focused particularly on the risk of leukaemia. Evidence for a hazard comes mainly from Sweden where an excess of leukaemia has been observed both in workers exposed to ethylene oxide from its use in the sterilisation of hospital equipment' and also in two cohorts of ethylene oxide manufacturers.56 Altogether in these studies there have been eight cases of leukaemia when only 0-8 would be expected.6 An association with leukaemia has also been suggested by an Italian study of licensed ethylene oxide handlers among whom there were two deaths from the disease as compared with 0-9 expected (L Bisanti et al, sixth international symposium of epidemiology in occupational health, Stockholm, 1988) . On the other hand, no cases of leukaemia were recorded in a study of employees at an ethylene oxide manufacturing plant in the United States'"; and in a cohort study of chemical workers at eight production plants in West Germany the two observed deaths from leukaemia gave a mortality ratio slightly less than one (N Kieselbach et al, Stockholm, 1988) .
In our cohort there were three deaths from leukaemia with 2 09 expected (2 45 after adjustment for local variations in mortality rates9). All Total cancer mortality in our study was only a little higher than expected. Although small, the excess of non-Hodgkin's lymphoma (four deaths observed, 1 62 expected) is worth noting, since a similar finding has recently been reported from Italy (L Bisanti et a!). An increased incidence of non-Hodgkin's lymphoma has not, however, been a feature of other studies of ethylene oxide workers.
We found no important increases in mortality from causes other than cancer and in particular no support for the suggestion that ethylene oxide might cause circulatory disease.5 Deaths from both ischaemic heart disease and cerebrovascular disease were fewer than expected.
In this study we have examined a substantial proportion of the British workforce with a history of occupational exposure to ethylene oxide. Levels of exposure, although lower than in the cohorts reported from Sweden, will have been higher than those found in industry today. Our findings do not exclude the possibility that ethylene oxide is a human carcinogen, particularly at higher exposures, but when viewed in the context ofother published epidemiological studies, they suggest that any risk of cancer from currently permitted exposures is small. Why such a powerful mutagen is not more carcinogenic in man is unclear.
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